GM-CSF regulates fusion of mononuclear osteoclasts into bone-resorbing osteoclasts by activating the Ras/ERK pathway.
Osteoclasts are multinucleated cells that are formed by the fusion of mononuclear osteoclasts, which is an essential process in bone resorption leading to bone remodeling. Herein we show that GM-CSF promoted the fusion of prefusion osteoclasts (pOCs). The expression of GM-CSF receptor-alpha was significantly up-regulated at the fusion stage of pOCs induced by RANKL. GM-CSF induced the expression of dendritic cell-specific transmembrane protein (DC-STAMP), which was mediated by inducing NFATc1 via induction of c-Fos. The expression of c-Fos and NFATc1 was regulated by the ERK signaling pathway. Inhibition of ERK and NFATc1 suppressed the expression of DC-STAMP and led to the fusion inhibition of pOC. However, retrovirus-mediated expression of NFATc1 in pOCs rescued the defect in pOC fusion, despite the presence of U0126 and cyclosporin A. GM-CSF-stimulated pOCs had an intact actin ring and could resorb bone. Importantly, pOCs infected with constitutively active MEK adenovirus expressed c-Fos and NFATc1, followed by the binding of NFATc1 to the DC-STAMP promoter, which enables its transcription and expression. Constitutively active MEK-infected pOCs are able to resorb bone by undergoing cell-cell fusion. Taken together, our results demonstrated that GM-CSF induced fusion of pOCs to form multinucleated osteoclasts, making the osteoclast capable of bone resorption.